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INTRODUCTION 
The success of a breeding program depends upon the ability of the 
plant breeder to not only develop new lines, but also to determine 
which lines or varieties are superior . For this purpose, yield trials 
are an important yardstick for determining the value of the trial in 
assessing the merits of the different lines. 
Variation encountered is due to several factors; with true genetic 
differences, environment, and human error being of major importance. 
In order for yield trials to give meaningful information on a line or 
variety, it is essential that variation due to human error and en-
vironment be reduced to a minimum. Uniform space planting, careful 
cultivation, and irrigation can help reduce the human error . However, 
the effec t of environment, mainly soil heterogeneity, is not so easily 
handled. 
Randomization, replication, and planting experimental plots o f 
the proper shape with sufficient size to give the desired information 
are techniques devised to minimize the ef f ect o f soil heterogenei ty. 
In general, it has been found that the larger the experimental plots, 
the smaller the variation (1, 23). Also, plots with a large length 
to width ratio lying in the direction of greatest soil variability 
have been f ound to decrease the variability of the yield trial (2, 8, 
32, 35). However, both expense and convenience will modify the size 
and shape of plot that is desired. The optimum size and shape o f a 
plot woul d be one that gives a maximum amount o f information at a 
minimum cost and be of convenient handling dimensions. Such informa-
tion must be determined for each individual crop. 
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REVIEW OF LITERATURE 
The effect of environment, particularly soil heterogeneity, on 
field experiments has long been recognized . Alwood and Price (1) were 
among the first to recognize and attempt to control the e ff ect of soil 
on experimental results. They stated that "in general, the larger the 
area, the more reliable are the results . " Their objective was to de-
termine the minimum size plot which would still yield reliable results. 
Taylor (32) also recognized the problem, concluding that the size of 
plot should vary inv ersely with the uniformity of the soil and thBt a 
rectangular shaped plot would give the best results. The American 
Society of Agronomy (2, 3, 4, 5, 6) attempted to standardize fi e ld 
plot methods. It was concluded that plot size should be sufficiently 
large to carry a representative population of the crop invoLved to 
minimize the effects of soil, stand, harvesting, and thr eshing. Rec-
tangular shaped plots laid out crosswise to the greatest soil variation 
with three to six replications were considered to be the best means of 
controlling the effect of soil heterogeneity. 
Mercer and Hall (24) working with wheat and mangels used uniformity 
data to calcu late the standard deviation and to determine the probable 
error as a means of estimating optimum plot size. According to Daven-
port (10), probable error indicates the range in which the true value 
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has an even chance of occurring. Merc er and Hall (24) found that the 
probable error for a single plot diminished with increasing size of 
that plot. They obtained an estimate of the optimum plot size by the 
use of a graph showing the effect of plot size on the standard devia-
tion. A curve was drawn for the above effect and the point at which 
the curve leveled out was considered optimum, as efficiency rapidly 
decreased with larger plot sizes. However, both Smith (30) and Federer 
(13) have pointed out that the point of maximum curvature and leveling 
off is dependent upon the coordinates used and may not give a valid 
indication of optimum plot size. It was also noted by Mercer and Hall 
(24) that the standard deviation decreased to a larger extent if plots 
were scattered throughout the field rather than grouped in one location . 
Kiesselbach (20), Love (21), and Day (ll) all used the concept of 
probable error in determining the extent of experimental error and 
optimum plot size. However, Kiesselbach (20) stated that the probable 
error "does not necessarily indicate reliability, dependability, or 
accuracy as to the comparative values sought." Day (ll), with wheat, 
found that an increase in plot size up to one-twentieth of an acre to 
increased the accur acy of the experiment , particu larly if the plots are 
long and narrow in the direction of greatest soil heterogeneity. If 
there is no soil gradient, the use of square plots was advocated . His 
data supports the conclusion of Mercer and Hall (24) that replication 
gives more accurate results than the same experimental area in one 
plot. 
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Garber et al. (15), realizing the importance of considering and 
determining soil heterogeneity, conducted a two year uniformity trial 
to determine the extent of soil variability of a 16 acre field. Work-
ing with oats, hay, and grain, they cor r elated the yield of plots 
scattered throughout the field . A positive correlation was found be -
tween continguous plots but not between r eplicated plots, which 
indicated the field contained considerable soil variation. 
Uniformity trials were used by McClelland (23) and Odland and 
Garber (25) to determine plot variability and optimum plot size and 
r eplicate number. McClelland (23) found a gradual reduct i on of error 
with increasing plot size of corn and oats from one one-hundred 
eightieth to one tenth acre . Odland and Garber (25) stated that 
"for sake of economy in land and labor, it is desirable to have the 
plots as small as possible and replicated a minimum number of times. 
However, plots should be large enough to have sufficient replication 
to make the results reliable." They estimated optimum plot size f or 
soybeans to be that which yielded a minimum standard deviation for 
unit of cost involved, which they f ound to be 16 feet by 30 inches 
replica ted thr ee times. 
Christidis (8) pointed ou t that two types of soil heterogen-
eity exist: (l} patched heterogeneity, and (2} a uniform change in 
fer tility. He considered long, narrow plots and replication to be 
the best means of overcoming the effects of both types . 
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Two error tendencies in experiments were noticed by Justensen (18) 
in working with potatoes. The first tendency was a decreas e in the 
error as a result of averaging out soil differences; the second was an 
increase of error due to greater variation within the block. The first 
was noted as being the most important in small plots , and the second in 
large plots. 
lmmer (17) conducted a uni formity trial with sugar beets. Using 
the yields o f the basic plot size (22 inches X 33 feet) , a contour 
map was drawn of the fertility levels of the field . This map was used 
in conjunction with the standard error to determine the most economical 
plot size and shape. Variance found between blocks and within blocks 
agreed with that predicted by the contour map. 
Reynolds et al. (27) conducted a uniformity trial with cotton to 
determin e optimum size, shape, and r eplica t e number for plots . The 
field was divided into twelve blocks and an analysis of variance was 
made. Variation within blocks was taken as experimental error and 
from it, the standa r d deviation was obtained. They found the standard 
error to decrease significantly when plots were increased in length 
from 48 to 96 feet and concluded that a 96 foot plot replicated at 
least six times was optimum. However, they stated "the res earch 
worker has considerable range in selecting size and r eplicat e number 
of plots, depending on the amount of land at his disposal." 
In proposing a new method of determining optimum plot size, Smith 
(30) pointed out that the previous method using the coefficient of 
variation in relation to plot size was not valid. His method consisted 
of calculating the regression of the plot variance against the plot size 
in basic units, which gave a measure of soil heterogeneity. The regres-
sion coefficient was used along with cost factors to determine the 
optimum plot size, i .e., the size at which the cost per unit of infer-
mation was at a minimum . He used this method in ascertaining the 
optimum plot sizes of either one half or double the optimum only de-
creased the effic i ency by four percent. 
Robinson et al . (28) working with peanuts used the coef ficient of 
variation and Smith's (30) regression coefficient to determine optimum 
plot size. Using cost functions similar to those of Smith (30), and 
with a regrtssion value of . 57, the optimum s iz e was calculated to be 
3.2 times the basic unit of 12~ by 3 feet. They assumed a standard 
error of 3.5 percent would be expected to yield a LSD o f approximately 
10 percent of the mean. Accepting this as their desired accuracy, they 
calculated the number of r eplica tions needed to yield such a standard 
error. 
The comparable variance method was used by Keller (19) . This 
method assumed the comparable variance between basic plots to contrib-
ute 100 percent relative information, and compared the variance of 
other plot sizes with that of the basic plot to determine their l evel 
of relative information. In his work with hops, using a 750 hill trial, 
each hill a basic unit and combining them in 26 different ways, he 
found the comparable variance to increase, and the relative information 
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to decrease as the plot size decreased . He concluded that five hills 
would be optimum. He stated that "the choice regarding size and shape 
of plot is largely determined by the level of relative information which 
the investigator is willing to accept." 
Wassom and Kalton (35) used the method of Smith (30) in determin-
ing the optimum plot size for bromegrass . The basic plot size o f 3 l/4 
by 4 feet was combined in various ways and a regression value ca l culated 
which was used along with cost functions in de t ermining optimum plot 
size to be 1.86 times the basic unit. It was concluded that the sma ller 
variance f or any s i ze plot occurred when the plot was l ong in the direc-
tion of the fertility gradient. 
Frey and Baten (14) and Wallace and Chapman (34) working with oats 
used the regression method to determine optimum plot size. Fr ey and 
Baten (14), working with a basic unit of 1 f oo t by 4 f eet , f ound the 
op timum size t o be f our units, and specifying the precision they de -
sired concluded that nine replicates were opt imum . Wallace and 
Chapman (34) determined the optimum size t o be 16 f eet long x 18 inches 
wide. 
Brim and Mason (7) us ed the method of Smith (30) in working with 
soybeans; however , they stated that a regression value of one, indicat-
ing random so il variability, could arise fr om nearly complete soil 
uniformity to ex treme heterogeneity du e to sampling. 
Both the regression method and comparable variance method were us ed 
by Stickler (31) in estimating the optimum plot size for grain sorghums. 
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The estimate was 5.8 times the basic unit of 40 inches by 5 f eet. No 
conclusions as to shape were made because soil variability seemed to 
follow no particular pattern. 
Smith's (30) method was also used by Rampton and Peterson (26) and 
Crews et al. (9) to determine t he optimum plot size to be 3 X 18.4 feet 
and 172 . 3 square fe et for orchardgrass seed and tobacco, respectively. 
Sen (29) used the coefficient o f variation and a modification o f 
Smith's method to arrive at the optimum plot size for tea. His trial 
consisted of clonal bushes planted into 20 columns of 72 plants each. 
Each column was div ided into 12 plots of 6 bushes . He concluded "a 
plot size of about 60 bushes would provide maximum information even 
though smaller plots would probably be more economical. " 
Terrie et al. (33) conducted a trial to determine the opt imum 
plot size, shape, and replicate number for f orage yield trials with 
alfalfa-bromegrass mixtures. The optimum size was calculated by 
Smith's (30) formula and found to be 1.26 times the basic unit of 
10 feet by 4.5 feet. Replicate number was found by specifying the 
size of differe nce between treatments to be detected. It was found 
that the number of replicates to detect a difference of a given size 
decreased as plot size increased . 
In one entirely new vein, Hatheway (16) said "scientists are 
more often interested in convenience than cost. 11 On this basis, he 
derived a new tnethod of determining optimum plot size based on the 
regression coefficient, coefficient of variation, number of 
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replications, level of significance, and size of difference that it is 
desired to detect. Plot size is termed "convenient" plot size. It i s 
noted that this method excludes cost fun ctions. 
Draper (12) and Wiedemann and Leininger (36) have conducted the 
only reported uniformity trials with safflower. Draper used two basic 
plot sizes : l foot by 4 f eet and l f oot by 5 f eet. He combined the 
units into various sizes and computed the comparable variance. With-
out regard to cost, he found the optimum size to be 3.33 X 18 feet for 
the 5 foot unit and 3.33 X 12 feet f or the 4 foot unit. Using Smith's 
(30) method, including cost functions, he found the optimum size to 
be 3.33 X 25 f eet. He also compu t ed the number of replicates desired 
to give a specified degree of accuracy for several sizes of plots. 
Wiedemann and Leininger (36) used the comparable variance method, the 
regression method of Smith (30), and the method proposed by Hatheway 
(16) to determine the optimum size. They found op timum plot size to 
be eight times the basic unit of 22 inches by 5 feet for the first 
method, two times for the second, and eight times for the third. The 
plot shape had little bearing on the variance, but a plot two rows in 
width was recommended for convenience. 
A paper of particular interest concerning the widely used method 
of Smith ' s (30) is that of Marani (22) in which he states that many 
scientists have used the cost function derived by Smith incorrectly 
in the formula. He pointed out that the regression coeffici ent , b, 
is the linear regression coefficient of the logs of plot size and 
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plot variability, and is not dependent upon the size of basic unit used 
for its estimation. As such, it would be incorrect to calculate opti-
mum number of units in t erms of the basic unit used to estimate the 
regression coeffici ent becaus e most of the t e rms in Smith's f ormula 
are not on a per unit-area basis. He stated that the correct pro-
cedure would be to estimate the cost pr oportional to the t otal test 
area on a per unit-area basis and to calculate the optimum size in 
terms of the same unit of area. 
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METHODS OF PROCEDURE 
Data used in this study was obtained from a uniformity trial con-
ducted at the Utah State University field station at Farmingt on, Utah, 
in 1962. This area was approximately the same as used by Wiedemann 
and Leininger (36) in their uniformity study . The soil was not uni-
form, having a clay texture in the northeas tern one -third and becoming 
more or less gravelly in the r ema inder of the field. 
Fertilizer was applied to the field be f ore planting at the rate 
of 50 pounds of nitrogen per acre . The test site was p lanted April 6 
with a converted four-row sugar beet planter having a row width of 
22 inches. The rows ran from east to west. Safflower variety N4051 
was planted in an area approximately one-half acre in size with dimen-
sions of 110 X 189 feet. The planting rate of 25-30 pounds per acre 
is standard under irrigated condit i ons. Throughout the season, the 
field was irrigated five times and kept relatively free of weeds. 
Mature seed was harvested in mid-September according to the f ollow-
ing procedure. Four rows on e ithe r side and 12 feet on both ends of the 
fi eld were removed and not included in the data in order to reduce bor-
der effect . Five foot sections were then cut from each row starting at 
the northwest corner and moving south across the field . Measurement of 
the fiv e foot section was accomplished by stretching a wi r e across the 
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field; then using a five foot stick as a guide, a fiv e f oo t section of 
saf flower was cut with hand clipper s. The st i ck was then moved to the 
next row south and another five f oot sect i on was cut. The 52 sect i ons 
across the fi e ld were de signated as one r ange. After one range was 
cu t, the wir e was moved east f ive f eet and another range was cu t . This 
was r epeated until all 33 range s wer e harvested. After each section 
was cu t , the plants were carried to a stationary thresher . 
The seed from each f ive f oot section, here in designated as the 
basic unit, was thr eshed , we i ghed, and bulked. The we i ght in grams 
of the seed fr om each section was recorded, noting the location of 
the particular section in the field (fie ld layout in Table 6). Th i s 
gave a total of 1716 basic units. Yields of contiguous plots or basic 
units were combined in 45 different ways simulating plo t s o f various 
s i zes and shape s. 
Variance 
Following the procedure used by Smith (30), among plot variance 
f or each plot size and shape was calculated by usual methods and desig-
nated V(x). Dividing among plot variance by t otal number of plot s (x) 
f or each conf iguration gave comparable variance (V) . In turn, variance 
per unit-area was computed by dividing comparable variance by total 
number of plots and designated Vx. Combining the above methods, vari-
ance per unit-area can be obtained dir ect l y from the f ollowing equation; 
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An estimate o f relative information of var ious plot sizes and 
shapes was obtained through use of Keller 's (19) method. Comparable 
variance of the basic plot size was assumed to contribute 100 percent 
relative information. Comparable variance for the basic plot was then 
divided by the comparable variance f or other configurations and multi-
plied by 100 to give an estimate of r elative information f or other plot 
configurations. 
The Regression Coefficient, Cost Factors, 
and Optimum Plot Size 
Methods used in this section were those developed by Smith (30). 
He noted that variance per unit - area was positively correlated with 
plot size. He was then able to show the empirical relationship: 
(l) 
where Vx is the variance per unit-area computed in the above section, 
Vl is the variance of the basic plot size, and b is the coeffi cient 
of the regression of variability per unit-area (Vx) on a plot (X) basic 
units in size, providing a measure of the degree of soi l heterogenei ty. 
Regression coefficient 
The regression coefficient can be found by converting the relation-
ship shown in equation (l) to the logarithmic form : 
log Vl - b log X 
and solving for b as follows: 
b = log vl - log vx 
log X 
The regression coefficient (b) obtained will normally vary from 
zero to plus or minus one. A value of zero indicates a very uniform 
fertility level, while a value of one indicates a soil with large 
fertility variability (30). 
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A regression value for all plot combinations was obtained and the 
average of these was assumed to be the regression value for the field. 
This value is constant for a particular crop for a particular year, 
but will vary from crop to crop and year to year in the same field. 
Cost factors 
The cost associated with safflower trials is estimated by the 
relationship of costs dependent upon the number of plots in the trial 
regardless of size (Kl) to the cost dependent upon plot size (Kz). 
Estimates of cost were made considering the costs usua lly encountered 
in saff l ower field trials in this area. Cost estimates have partie-
ular application to the uniformity trial considered in this study, but 
are indicative of costs generally encountered in safflower field 
experimentat i on. 
Optimum plot size 
Optimum plot size was obtained using the equation derived by 
Smith (30): 
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X 
In this equation, X is equal to the optimum plot size in multiples of 
the basic unit and all other values are as defined above. Plot size 
obtained will be that at which the cost per unit of information is a 
minimum. 
Conven ient Plot Size 
Hatheway's (16) method was used to determine convenient plot 
size. He derived the following equation exclusive of cost functions: 
xb = 2(tl + t2) 2cl 
rd 2 
In this formula, X is the convenient plot size in multiples o f 
the basic unit, b is the regression coef fi cient previously calculated, 
t1 is the value in student's t table associated with the des ired level 
of significance, t 2 is the t value associated with 2(1-P) where P is 
the level of probability desired. Both t 1 and t 2 are dependent upon 
the degrees of fr eedom available f or estima ting error . c 1 is the 
coeffici ent of varia tion of plots one basic unit in size, while r is 
the number of replications desired and d is the difference in percent 
o f the means to be detected. 
Replications 
Number of replications for each plot size and shape was estimated 
by two different means. The first method is that of Robinson et al. (28). 
17 
This method involves use of the following formula to compute number of 
replications required to detect a specified minimum difference between 
means at a specified significance lev el: 
r =[(c.v.) 
In this formula, r is number of replications required to give a 
specified accuracy expressed as standard error o f a treatment mean 
(g), and the coefficient of variability (C.V.) associated with a given 
plot size. 
Using the number of replications obtained by this method, an 
estimate o f the relative land use efficiency was made. This was done 
specify ing the amount of land used by the basic unit replicated the 
number of times necessary for a given accuracy as 100 percent relative 
efficiency of land use. The percent relative efficiency for other 
sizes is found by dividing the area used by the basic plots after 
replication by the amount of area used by o ther size plots replicated 
sufficiently to give the same degree of accuracy as with the basic unit. 
The second method used to determine replicate number is that used 
by Terrie et al . (33). This equat i on gives the number of replicates 
needed to detect a specified difference in the treatment means at a 
specified level of signi fi cance and a particular probability level. 
The equat ion is as follows : 
Where r is equal to the number of replications; t1 is the t value 
corresponding to the s pecified level of signi fiance; t 2 is the t 
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value corresponding to 2(1-P) where P is the desired probabi lity level; 
C.V. is the coefficient of variation for the particular plot size; and 
d is the difference in percent of the mean that is to be detected. This 
equat i on is somewhat tricky because the number of replications determines 
the degrees of freedom associated with t 1 and t 2 . A trial and error 
method was necessary in finding the minimum number of replicates that 
could be used. 
Soil Heterogenei ty 
The hierarchal analysis was attempted to possibly determine the 
location of greatest variability in the test site. This type of 
analysis should determine whether or not the test site had a uniform, 
gradual change in f ertility level. The analysis of variance would be 
as follows: 
Source o f variation Degrees of fr eedom Expected Mean Square 
Blocks r -
2 2 2 
o-U + ucrP +up KR 
2 2 
a-U + u<rP Plots within blocks r(n - 1) 
Units within plots rn(u - 1) 
Total rnu - l 
In the above scheme, r is the number of blocks, n the number o f plots 
within a block, and u the number o f basic units within a plot. 
The uniformity trial was divided into f our blocks of 52 plots each. 
Mean square f or blocks should give an indication of the soil variability 
fr om block to block. Mean square due to plots within blocks should give 
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an indication of the soil variability from plot to plot. The plots 
were of a 2 X 4 configuration. Mean square of the eight basic units 
per plot should give indication of the soil variability within plots . 
An F test was used to indicate the level of soi l variability that was 
greatest. 
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RESULTS AND DISCUSSION 
The harvesting procedure outlined above, yielded 1716 basic units 
each 5 feet long by 22 inches wide. Average yield of the basic units 
was 348 grams with a range from 184 to 487 grams. There appeared to 
be a definite productive gradient in the field with the northeast 
corner having the highest yield and the southwest corner the lowest . 
A possible explanation for yield differences is the presence of clay 
in the northeast section, while the remainder o f the field becomes 
more gravelly in texture, gjv{ng a s0il ~oisture and fertility differ-
ential . Yield also appeared to be influenced by direction of water 
flow, from east to west, as yield per plot averaged higher on the 
east than on the west. 
Basic units were combined to give 45 sizes and shapes of plots. 
Plots were l, 2, 3, 4, and 6 rows wide and 5, 10, 15, 20, 25, 30, 40, 
50, and 75 feet long . As not all combinations were of such dimensions 
that they used the entire area, the northwes t corner was used as a 
reference point and combining of continguous plots began there. Plots 
not included in a combination were either located on the east end or 
south side of the field. Percentage of the total area used was ca l cu-
lated and listed (Table l). 
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Variance 
Among plot variance for each configuration was calculated using 
standard methods. The value computed for each configurat i on was divided 
once by the number of basic units per plot to give the compar able vari-
ance and twice to give the variance per unit-area . Comparable variance 
provides a means o f comparing variances on a per plot basis, while t he 
variance per unit - area compares the variances on a unit-area basis. 
Relative information, computed as outlined on page 13, furnishes a 
means of comparing amount of information gained per plot size . All 
computed values for the above procedur es are listed in Table 1. 
Among plot var iance increased exponentially with increasing plot 
size, while a linear i ncrease o f comparable variance was observed. 
Comparable variance was 2480 for the basic plot size and increa,sed 
to 22,438 f or a plot size of 90 basic units . When plotted on a graph , 
an essen tial ly straight line relationship is noted between pl ot size 
and comparable variance (Figure 1). This r elat ionship indicates a 
soil with homogeneity b etween continguou s plots, even though a strong 
f ertility gradient exists (8) . 
Incr easing plot width was as effec tive in reducing comparabl e 
var i ance as increas ing plot l ength . Thi s gives evidence t hat the pro-
ductive level of the fi e ld decreased in a f an- like manner fr orri the 
northeast corner . 
Var i ance per un it-ar ea as well as relative information and co-
ef fi cient of variation dec r eased rapidly as plot siz e i ncreased t o 
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ten basic units. Larger plot sizes had less effect in decreasing 
variability (Figures 2, 3, and 4). Relative information decreased 
from 100 percent for the basic unit to ll percent for a plot size of 
90 basic units. The most rapid reduction, from 100 to 41 percent, 
occurred between a plot size of one and ten basic units . Coefficient 
of variation (C.V.) decreas ed from 14.3 to 4.5 percent for the basic 
unit and 90 basic units, respectively. Between plots of one and ten 
basic units , the reduction was from 14.3 to 7.1 percent. These 
statistics indicate that a plot size from six to ten basic units 
could be considered as the most appropriate for yield t ests. A plot 
of approximately eight basic units, as proposed by Weidemann and 
Leininger (36), could be considered optimum, being somewhat an aver-
age for the indicated range. 
Weidemann and Leininger (36) experienced much greater variation 
on the same area than that noted by this study. The variance per 
unit-area was too high to interpret; as a result, part of the trial 
was not used in order to incr ease uniformity. The variance they 
experienced with the reduced area was slightly less than that of 
this study. Optimum size determined by utilizing comparable variance 
and relative information was eight basic units in both studies, 
indicating that approximately the same variation existed in both 
cases. It should be noted that their conclusions were based on 
data from only a part of the area, while those of this study are 
based on data for the complete area. 
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Regression Coefficient, Cost Factors, 
and Optimum Plot Size 
Optimum plot size was found utilizing the regression coefficient 
and cost factors in the following relationship derived by Smith (30): 
X = b Kl 
(l-b) K2 
as outlined above on page 16. 
Regression coefficient 
The regression coefficient is obtained by the following relation-
ship: 
b log V!_.:._2.<:!.::~--
log x 
Log Vl is the logarithm for the variance per unit area of the basic 
plot size; log Vx is the log of the variance per unit - area of the 
plot combination of x basic units, r epresented by log x. There-
gression coeffic ient is b, which gives a measure of the degree of 
soil he t er ogeneity (30) . The b values calculated f or each plot size 
are listed in Table l. An average b, f or all plot combinations was 
-.63, indicating a field with medium to high so i l heterogeneity. The 
linear r e lationship of the regression coefficient is shown by 
Figur e 5. 
The regression coefficient calculated by Wiedemann and Leininger 
(36) was .43. This value was ob tained through use of on ly part of 
his data. For the comp l ete trial, their regression coeffici ent was 
" i> 
Oil 
0 
..., 
3.4 
3.2 
3.0 
2.8 
2.6 
2.4 
2.3 
0.5 l.O 
Log x 
Figur e 5. Regression of log Vx on l og x. 
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.1. They concluded that the low regression value for the total area 
was due to disporportionate yields between areas of the field balancing 
each other out. I n this study, a yield differential was also noticed. 
However, there was more of a yield gradient than occurred in the study 
by Wiedemann and Leininger (36) on the same ground. This was probably 
due to the use of nitrogen fertilizer prior to the planting of this 
study along with a better irrigation technique. The presence of a 
gradient gave a different b value than the abnormal one noted by 
Wiedemann and Leininger (36), making it possible to use the total 
area in this study. 
Cost functions 
--------
Estimates of cost are determined by two factors: (1) the ex-
pense dependent upon number of plots, and (2) the expense dependent 
on plot size, symbolized by K1 and K2 , respectively. Operations 
considered in arriving at cost estimates are listed in Table 2. 
Machinery and land costs were not included in the est imates , even 
though they would need to be considered in a research program. Total 
cost for each operation is divided into that portion dependent up on 
K1 and that dependent upon K2 . Costs were totaled, and the percentage 
dependent upon K1 and K2 ca l culated. K1 was f ound to be responsible 
f or 75.35 percent of the total cost and K2 , 24.65 percent. These values 
agree closely with cost values calcu lated by other workers (12, 33, and 
36). 
32 
Table 2. Costsa associated with one half acre yield trial; proportioned 
into the cost dependent upon the number of plots in the trial 
(K1), and the cost dependent upon plot size (K2) 
Total cost in Cost dependent upon 
Operation man hours Kl K2 
Seed preparation 30 25 5 
(count, treat, 
package) 
Land preparation 
(plow, till' mark) 3lt 2lt 
Planting 42 37 5 
Cultivation 9 2 
(mechanical, hand) 
Irrigation 5lt 3lt 
Note taking 4 2 2 
Harvesting 45 30 15 
Cleaning seed 6 
Weighing seed & 6 
recording weights 
Oil analysis 10 9 
Statistical analysis 10 9 
Total 176~ 133 43~ 
Percent 100 75.35 24.65 
a Land and machinery costs were not included even though they would 
enter in. 
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Optimum plot size 
The regression coefficient, -.6 3, and cost functi ons, K1 equal to 
75.35 and K2, 24.65, when substituted into Smith's (30) f ormula, placed 
optimum plot size at 5.5 times the basic unit. However, Smith pointed 
out that an increase or decrease of the calculated optimum plot size 
by one half decreases efficiency only slightly. Thus, a plot size of 
2 . 75 to 11 basic units could be considered adequate. 
Optimum plot size calculated by this method is lower than that 
estimated by the variance method which might result from considering 
costs in determining optimum plot size. However, the plot size range 
of the regression method includes the range found by the variance 
technique. 
Regression Coefficient Versus 
Cost Functions 
An interesting relationship was the int eraction of differen t 
regression values with differ ent cost functions (Figur e 6). For 
r egression values ranging from .25 to .75, optimum plot size was 
calculated using K1 values fr om 50 to 85 percent of the total cost. 
The relationship of K1 to K2 becomes increasingly important with 
increasing soil heterogeneity in det e rmining optimum plot size. This 
is evidenced by the spread in the calcu lated opt imum plot size for 
varying costs at a regression value o f .25 as only 1.55 times the 
basic unit. However, the spread at a b value of . 75 is 14.01 basic 
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units. This emphasizes the importance of knowing the degree of soil 
heterogeneity for a particular field before making a field plan, 
particularly if land is expensive. 
Convenient Plot Size 
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An estimate of convenient plot size was made utilizing the method 
proposed by Hatheway (16). This method is independent of cost, and is 
dependent upon soil variability and the degree of accuracy and pre-
cision desired. With a regression coefficient of .63, a plot size of 
9.5 times the basic unit is necessary to detect a difference of 10 
percent of the mean at the 10 percent level of significance with 80 
percent probability if six replications are used. To detect a 
difference of 20 percent of the mean, a plot size of only 1.1 times 
the basic unit is needed. Six replications were used because this 
is the number often needed for safflower yield trials in RBD designs 
in Utah. Convenient plot size can be changed by specifying different 
probab ility and s i gnificance levels . Thus, the convenient plot size 
depends ent irely upon the accuracy the investigator i s wi l l ing to 
accept. 
Plot Shape 
The e ffec t of plot shapes on variance per unit-area i s shown by 
Table 3. In contrast to the situation usually encountered, short, 
wide plots appeared more effec tive in reducing the variance per 
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Table 3. The effect of plot shape on the variance per unit-area 
No. Long, narrow elots Short, wide elots 
basic Shape Variance Shape Variance 
units width x length width x length 
1 X 2480 1 X 2480 
2 1 X 1452 2 X 1341 
3 1 X 3 1322 3 X 956 
4 X 4 1012 4 X 785 
6 1 X 6 803 6 X 627 
8 2 X 4 632 4 X 2 552 
12 2 X 505 6 X 423 
15 1 X 15 588 3 X 5 447 
20 2 X 10 472 4 X 5 383 
30 2 X 15 409 6 X 5 319 
60 4 X 15 301 6 X 10 301 
unit-area than a long, natrow plot of the same size . With plot sizes 
less than eight basic units, plot width was more effective in de-
creasing the variance than plot length. With larger plot sizes, the 
difference becomes less noticeable because more soil variability is 
included within the plot, thus less variability is found between the 
plots regardless of shape. These comparisons indicate the pres ence 
of a greater f ertility gradient going from row to row than along the 
row . 
Figure 7 graphically illustrates the effect of plot width in 
decr eas ing variance per unit-area for the same plot lengths . It 
appeared that approximately one half of the decreased variance between 
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a plot width of one row and six rows is accounted for by increasing 
plot width from one to two rows. It is evident that even though plot 
widths o f more than two rows decrease the variance, two rows are adequate. 
When considering various field operations such as planting, culti-
vating, and harvesting, a two row plot seems to be the most convenient 
with equipment now in use. Assuming an average optimum plot size for 
various methods of determination of six to eight basic units, the plot 
would be two rows wide and 15 to 20 fe e t long . 
Replications 
Number of r eplications were first calculated using Robinson ' s (28) 
method. A standard err·or of 3.6 percent of a treatment mean was con-
sidered necessary to detect a differenc e of 10 percent of the mean. To 
detect a difference of 20 percent of the mean, a 7.1 pe rcent standard 
error was used. This method utilizes the coef ficient of variation, 
considering its effect on the number o f replications requir ed to gain 
the desired precision. 
The second method used for determining the number of replications 
was that used by Torrie et al. (33). This method also depends on the 
coefficient of variation, but gives number of replicates needed to 
detec t a specified difference at a selected level of significance and 
probability. Replications needed to detect a difference of 10 and 20 
percent of the mean at the .l level of significance with 80 percent 
probability were calculated. 
39 
Table 4 contains information on the number o f r ep lications necess-
ary for the two methods to detect a difference of both 10 and 20 per-
cent of the mean for all plot sizes and shapes. For the fir st method, 
the number of replications necessary to detect a difference of 10 per-
cent of the mean decreased with increasing plot size (Figure 8) from 
15 . 8 to 1.3 f or a plot size of one and 90 basic units, respectively . 
The number of replications decreased rapidly up to a plot size of 
about 10 units. With larger plot sizes, the number decreased at a 
slower rate . This would be expected since the number of replications 
are dependent upon the coefficient of variation which followed this 
same patte rn (Figure 4). 
When the variability is high, as indicated by a high coefficient 
of variation, greater replication is needed to increase the precision 
to the degree that diff erenc es can be shown as desired. Number of 
r eplications needed to detect a difference of 20 percent of the mean 
were much less than that r equired to det ect differences of 10 percent. 
For example, with a plot size of one basic unit, only four replica-
tions were needed to show differences . 
Using the method of Terrie et al . (33), number of replications 
required to detect a difference of 10 percent of the mean was somewhat 
less than with Robinson's method (28), though they were in overall 
agreement. To detect a difference of 20 percent of the mean, number 
of replications were corr espondingly less, as with the method of 
Robinson (28) . 
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Table 4. The number o f repl i ca tions needed unde r various assumptions 
I. A 3. 6 percent standard error to de t ect a difference of 10 percen t 
II. A 7.1 per cent standa rd error to de t ect a difference of 20 percent 
III. To detec t a differenc e of 10 percen t at the 0.1 level of 
significance with 80 per cent probability 
IV . To detect a differ ence of 20 perce nt at the 0.1 leve l of 
significance with 80 percent probability 
No . of basic Configuration Replicates 
plots I. II. III. IV . 
1 X 15.8 4 .0 12.6 3 .2 
1 X 2 9.2 2 . 3 7 . 3 1. 8 
2 2 X 1 8.5 2.2 6 .8 1.7 
3 1 X 3 8.3 2 . 1 6 .7 1.7 
3 3 X 1 6 .1 1.6 4 . 9 1.2 
4 X 4 6 . 4 1.7 5. 1 1. 2 
4 2 X 5 . 1 1.3 4. 1 1.0 
4 4 X 4.9 1.3 4 . 0 1.0 
5 1 X 5 5.6 1.4 4 . 5 l.l 
6 1 X 6 5.2 1.3 1<.2 1.0 
6 2 X 3 4 . 5 1.1 3 . 6 .9 
6 3 X 2 4 .0 1.0 3.2 .8 
6 6 X 1 3 . 9 1.0 3. 1 .8 
8 1 X 8 4.8 1.2 3.9 1.0 
8 2 X 4 4.0 1.0 3 . 2 .8 
8 4 X 2 3.6 1.0 2.9 . 7 
9 3 X 3 3.5 .9 2.8 . 7 
10 1 X 10 4 . 3 1.1 3 . 5 . 9 
10 2 X 5 3.5 . 9 2.8 . 7 
12 X 6 3.3 .8 2 . 7 . 7 
12 3 X 4 3.1 . 8 2.5 . 6 
12 4 X 3 3.2 . 8 2.5 .6 
12 6 X 2 2.7 . 7 2 . 2 . 6 
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Table 4. (Continued) 
No. of basic Configuration ReElicates 
plots I. II . III . IV. 
15 1 X 15 3.8 1.0 3.0 .8 
15 3 X 5 2.9 . 7 2.4 . 6 
16 2 X 8 3 . 3 .8 2.7 . 7 
16 4 X 4 2.8 . 7 2.3 .6 
18 3 X 6 2 . 8 . 7 2.3 .6 
18 6 X 3 2.2 .6 1.8 . 5 
20 2 X 10 3.1 . 8 2.5 .6 
20 4 X 5 2.4 . 6 2.0 .5 
24 3 X 8 2 . 7 . 7 2.2 .6 
24 4 X 6 2.3 .6 2.0 .5 
24 6 X 4 2 . 1 .5 1.8 .5 
30 2 X 15 2.6 . 7 2.2 .6 
30 3 X 10 2 . 5 . 6 2 . L . 5 
30 6 X 5 2.0 . 5 1.7 .4 
32 4 X 8 2 .4 . 6 2.0 . 5 
36 6 X 6 1.9 . 5 1.7 .4 
40 4 X 10 2 . 3 .6 2.0 .5 
45 J X 15 2 . 2 . 6 1 .9 .5 
48 6 X 8 1.9 .5 1.6 .4 
60 4 X 15 1.9 .5 1.7 .4 
60 6 X 10 1.9 . 5 1.7 .4 
90 6 X 15 1.3 .4 1.6 .4 
Percent efficiency in land use was calculated using Robinson's 
method (28) and is shown for various plot sizes in Table 1 . Greatest 
efficiency occurred with the basic plot size and 15 .8 replications 
which was considered to be 100 percent efficient in land us e. The 
lowest efficiency was found with plot sizes of 60 and 90 basic units, 
both only having a 14 percent relative efficiency in land use . Down 
to a plot size of 10 basic units, the efficiency was about 50 percent, 
but greater plot sizes had a much decreased efficiency. 
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If land were limiting, the greate st e fficiency and maximum infer-
mation could be obtained by using small plots and many replications. 
If land use efficiency is not an important factor, any plot size and 
replication desired depends upon the availability of land, and the 
precision the investigator is willing to accept . 
Soil Heterogeneity 
The hierarchal analysis of soil variability was an attempt to 
locate the area of greatest variation in the uniformity trial. The 
procedure used is outlined on pag e 18 . Sources of variation are 
blocks, plots within blocks, and basic units within plots. The ex-
pected mean squares give the proper F tests to be made . The F test 
(Table 5) reveals that plots within blocks have significantly greater 
variation than units within plots. Blocks are s hown to vary signi-
ficantly greater than plots within blocks. 
The above data indicate that variability was much greater with 
increasing distance between two points in the field. This indicates 
the presence of a large fertility gradient in the fi eld rather than 
local differences, which supports conclusions drawn when considering 
comparable variance. 
This method seems to be adaptable to this type of study although 
there may be some difficulty in interpreting results when considering 
this method alone . 
Table 5. Analysis of variance 
Source of variation d . f. 
Blocks 3 
Plots within blocks 204 
Units within Elots 1456 
Total 1663 
a Significant at .01 level . 
s .s. 
270657 
77 5306 
3059556 
4105519 
M.S. 
90219 
3801 
2101 
F 
23. 74a 
1.8 a 
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SUMMARY AND CONCLUSIONS 
A safflower uniformity trial was planted at the Utah State 
University experimental farm at Farmington, Utah, in 1962 . The trial 
was harvested in 5 foot sections, each a basic unit . There were 1716 
basic units harvested, the yields of which were combined in 45 different 
ways . From this, the following conclusions were drawn . 
1. Optimum plot size was estimated by utilizing comparable 
variance and relative information, Smith's (30) regression method 
and Hatheway's (16) convenient plot size method. The comparable 
variance method selected a plot size of approximately eight basic 
units. The regression method indicated a plot size of 5 . 5 basic 
units, while the convenient plot size method showed 9.5 basic units 
were needed. Thus all three methods were in fairly good agreement . 
2 . Plot shape was determined by variance and convenience o f 
differen t plot shapes. Plots two rows wide could be considered 
optimum . 
3. Replication depends upon the soil and environmental varia-
tion; as expressed by the coefficient of variation and the level of 
precision the investigator desires . 
Number of replications necessary to detect a specified differ-
ence of the mean were calculated using two methods: the first specify-
ing the standard error of the mean desired and the second specifying 
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the difference to be detected. Number of replications needed for a 
specified precision would depend upon plot size. For a plot size of 
eight basic units to detect a difference of 10 percent of the mean, 
four replications were needed regardless of method of calculation used. 
4. The hierarchal analysis of variance method of locating 
variability indicated the presence of fertility gradient. The mean 
square due to blocks was high while the mean squares due to plots 
within blocks and units within plots were much lower. This method 
seems to be of value in a study of this type though difficulty may be 
encountered in independently interpreting the results. 
5. A moisture and fertility gradie nt was noted in the test site 
by several methods. This gradient radiated from the northeast corner 
of the fi eld in all directions. Wiedemann and Leininger (36) made a 
similar conclusion on the same area under their conditions, although 
the magnitude of their variation was higher. Based on this knowledge, 
an attempt was made to control the heterogeneity by fertilization and 
a better irrigation schedule. As a result, the variance for this study 
was reduced to a point at which it could be int erpret ed for the entire 
area. 
6. There would likely be an effect of environment on this study 
which was differ en t than that upon the study of We id emann and Leininger 
(36) . However, there is no way to calculate as es timate what that 
ef f ec t might be or its magnitude. 
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These conclusions are only relevant to the cond itions encountered 
in this study and may change with different cond itions. However, the 
findings o f this study are in good agreement with the studies of both 
Draper (12) and Wiedemann and Leininger (36). Considering their re-
sults in conjunction with this study, a two row plot 44 inches wide 
by 20 f eet long could be considered optimum. The number of replica-
tions would depend on the precision desir ed, but four would appear to 
be adequate. 
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Table 6. Seed yields per basic plot in grams 
Range Row number 
Let. 3 4 5 6 8 9 10 11 12 13 
A 316 347 369 374 380 374 393 388 416 297 441 328 383 
B 442 299 380 378 308 469 391 429 484 416 421 356 374 
c 378 342 415 336 367 459 301 362 448 324 363 302 401 
D 307 343 322 276 386 398 315 358 466 363 338 318 433 
E 423 403 366 369 362 325 418 370 388 384 403 319 289 
F 321 298 378 379 466 381 394 387 413 343 361 339 369 
G 323 305 287 387 351 303 404 402 338 412 300 323 311 
H 407 336 378 341 364 365 336 384 437 329 436 289 390 
I 365 382 366 312 313 391 366 423 395 427 394 411 366 
J 333 329 403 358 374 327 387 369 414 344 378 376 351 
K 384 306 345 220 349 356 331 394 424 359 401 264 375 
L 336 390 388 356 319 364 294 428 349 460 441 375 340 
M 325 304 349 328 387 339 404 378 323 454 438 334 359 
N 336 354 307 309 388 299 305 365 388 343 345 327 397 
0 328 412 396 312 354 437 296 421 372 365 423 338 349 
p 353 355 387 347 376 264 367 313 350 313 328 385 347 
Q 383 374 325 316 374 337 313 479 372 356 307 343 382 
R 301 329 355 387 263 352 346 373 386 297 394 323 370 
s 272 330 385 288 357 356 374 371 384 375 319 303 371 
T 395 258 331 321 375 324 241 469 376 377 298 374 353 
u 378 381 386 326 391 367 323 406 397 349 320 298 362 
v 412 390 388 308 353 386 430 321 434 380 375 233 390 
w 438 293 354 269 264 337 366 413 447 390 374 189 391 
X 345 376 391 356 425 344 333 414 361 375 433 231 408 
y 368 333 364 335 306 352 373 372 350 402 406 239 265 
z 253 402 442 406 366 423 344 420 384 334 346 378 356 
AA 399 365 304 315 355 358 344 397 382 312 401 298 442 
BB 371 296 471 367 283 396 321 393 376 400 389 297 342 
cc 312 391 368 286 400 321 424 365 282 456 273 371 341 
DD 370 369 387 326 395 320 345 410 363 444 282 36 1 254 
EE 327 358 415 396 339 347 344 392 334 329 356 290 373 
FF 399 312 324 347 259 352 328 356 371 401 315 364 320 
GG 388 441 355 391 437 356 419 398 270 387 379 340 305 
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Table 6. (Continued) 
Range Row number 
let. 14 15 16 17 18 19 20 21 22 23 24 25 26 
A 364 386 387 437 317 313 411 338 394 379 403 355 365 
B 385 434 416 353 362 412 468 305 390 340 375 397 378 
c 293 323 351 404 326 368 277 387 242 432 393 304 334 
D 441 342 426 492 356 390 416 381 391 389 445 387 384 
E 353 372 355 383 314 326 344 314 343 413 444 346 413 
F 324 377 409 393 393 334 374 437 287 415 380 353 324 
G 342 391 375 398 346 341 394 336 379 391 461 369 431 
H 268 441 316 401 354 321 327 348 400 337 364 444 342 
I 278 395 410 464 354 451 319 410 393 337 394 407 415 
J 343 338 356 371 401 353 328 329 352 328 378 371 334 
K 307 406 365 436 328 342 387 344 386 281 404 390 360 
L 416 410 374 393 347 413 275 411 393 363 381 400 303 
M 327 433 373 376 408 390 341 428 363 416 436 398 382 
N 307 338 404 349 385 352 319 315 350 365 381 362 348 
0 387 366 363 323 361 427 301 329 407 392 391 407 396 
p 394 371 427 354 382 384 422 398 379 327 443 373 420 
Q 276 271 398 337 303 338 355 317 328 356 396 402 257 
R 298 258 307 442 293 333 353 319 389 429 296 355 296 
s 236 402 377 324 366 423 390 352 333 427 356 394 363 
T 345 348 394 337 387 278 246 356 338 312 395 300 302 
u 391 367 378 320 334 339 310 399 212 351 381 372 332 
v 396 333 378 455 376 401 355 274 340 365 382 347 344 
w 311 344 430 307 401 289 272 388 349 395 368 363 374 
X 325 414 432 338 389 309 343 346 378 394 391 354 316 
y 361 391 358 337 368 366 407 313 339 334 344 335 330 
z 382 373 398 409 375 291 365 326 340 344 403 293 361 
AA 364 311 348 384 295 295 323 280 264 307 269 290 298 
BB 396 338 325 346 336 338 294 429 335 366 332 288 256 
cc 367 287 365 369 406 279 285 363 292 304 356 303 309 
DD 388 325 338 371 295 393 318 318 259 385 290 377 284 
EE 259 409 333 387 356 269 373 399 281 303 389 257 317 
FF 205 315 345 310 299 256 344 279 278 285 338 318 293 
GG 326 423 306 358 388 335 323 333 323 379 320 369 285 
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Tabl e 6. (Continued) 
Range Row number 
l e t. 27 28 29 30 31 32 33 34 35 36 37 38 39 
A 362 403 302 332 301 311 381 386 391 296 353 348 394 
B 342 318 365 374 378 419 411 343 342 352 322 327 422 
c 388 341 331 424 328 391 353 344 219 382 341 243 404 
D 369 298 414 401 381 342 392 414 419 347 354 418 291 
E 348 293 307 424 383 313 407 328 403 313 426 307 351 
F 339 430 302 292 347 354 436 245 387 313 405 357 397 
G 383 279 306 376 394 371 391 351 379 395 336 439 326 
H 332 360 281 375 341 323 338 360 366 261 418 283 336 
I 394 353 353 407 315 370 428 365 412 354 413 303 451 
J 384 345 354 307 419 373 440 370 349 317 332 352 338 
K 353 300 361 307 277 266 253 316 351 250 411 367 330 
L 320 345 356 310 416 363 462 364 337 352 393 213 396 
M 312 352 413 371 361 371 398 333 353 318 389 343 400 
N 380 383 340 367 365 338 357 416 321 307 423 279 365 
0 425 244 269 313 342 396 372 316 379 360 345 275 393 
p 349 362 346 376 407 386 41~ 284 444 355 356 343 397 
Q 361 304 347 249 365 388 321 384 283 360 403 296 365 
R 336 324 364 361 324 391 340 406 282 296 422 376 313 
s 328 376 279 350 363 356 418 413 369 353 386 362 392 
T 335 272 341 353 323 384 331 394 359 212 338 363 328 
u 361 366 313 300 337 388 368 356 335 334 339 345 457 
v 394 319 345 316 387 313 420 364 433 316 422 359 313 
w 273 354 370 228 422 407 379 301 350 353 352 345 349 
X 387 203 341 352 354 363 369 401 396 430 299 338 374 
y 282 268 316 301 374 412 391 284 331 345 314 355 364 
z 293 278 379 200 348 341 418 231 403 336 339 333 315 
AA 338 245 288 357 288 373 302 315 314 234 373 355 240 
BB 295 294 319 324 276 272 345 242 371 316 328 398 313 
cc 321 282 312 262 363 313 372 337 374 316 305 319 304 
DD 325 276 293 321 302 357 342 329 348 250 337 342 307 
EE 293 294 244 261 300 324 344 281 288 356 267 339 331 
FF 289 305 296 387 338 407 443 328 417 323 487 354 379 
GG 344 317 316 366 332 404 356 316 385 297 352 360 340 
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Table 6 . (Continued) 
Range Row number 
let. 40 41 42 43 44 45 46 47 48 49 50 51 52 
A 323 378 204 293 357 248 297 365 428 294 323 195 246 
B 378 359 364 404 397 269 372 359 326 425 267 282 248 
c 415 403 216 410 326 327 414 393 336 291 214 223 184 
D 417 374 319 323 352 365 304 349 261 268 261 250 289 
E 267 401 416 304 320 363 381 347 363 361 278 254 231 
F 494 400 359 361 362 337 348 374 374 338 286 317 239 
G 386 403 332 357 302 363 361 324 377 398 340 372 328 
H 404 320 325 376 237 358 385 340 351 304 378 335 379 
I 345 344 406 357 323 347 430 184 352 397 321 362 326 
J 358 354 313 347 324 358 345 406 304 370 383 357 325 
K 378 421 318 401 283 356 321 326 396 294 321 266 378 
L 387 364 345 304 299 402 344 303 436 379 305 399 265 
M 305 420 348 414 303 375 366 373 402 352 393 364 265 
N 387 401 265 381 319 371 364 318 334 411 316 354 286 
0 382 374 413 242 313 355 340 310 383 322 300 409 279 
p 364 413 425 337 324 409 356 394 424 357 324 357 248 
Q 355 323 307 356 220 254 301 221 343 279 257 310 261 
R 402 344 376 331 377 315 470 275 300 255 374 240 289 
s 402 359 338 356 313 376 384 313 359 312 238 318 314 
T 378 403 287 399 314 334 284 267 353 306 253 287 284 
u 315 356 342 339 283 303 324 340 284 339 287 350 357 
v 438 425 354 283 365 371 289 328 307 283 264 278 296 
w 398 438 351 334 344 383 254 358 357 291 324 309 287 
X 389 376 384 375 306 349 357 327 349 277 353 284 299 
y 338 377 317 353 300 284 257 354 250 323 365 350 356 
z 353 358 368 284 271 384 382 321 259 406 291 320 315 
AA 370 371 309 363 274 278 328 280 353 339 314 343 265 
BB 314 401 279 386 272 307 247 269 319 346 308 307 257 
cc 389 279 258 334 310 300 294 249 335 305 345 238 275 
DD 281 307 305 325 266 310 316 220 331 267 310 294 328 
EE 348 315 339 349 316 330 238 292 299 232 374 286 321 
FF 371 361 336 388 329 335 346 374 261 277 412 284 298 
GG 335 413 249 303 378 414 322 334 394 298 353 309 306 
